Abstract
Introduction
The goals of this paper are three-fold. First, understanding how search engines are used from a geographic perspective is interesting on its own. For example, just confirming that linguistic or developmental factors are more important than geographical factors when studying inter-country similarity, gives insight on how services on the Web should be designed. Second, the search process can be seen as an implicit social network (e.g. people is related to people that search similar things [1] ) and the geographical user behavior gives information about this social network and how society is reflected on the Web. Third, the search traffic among countries is interesting for the development of distributed search engines. In particular, the fraction of queries and clicked result pages that are local, gives information on where to locate a node in a distributed search architecture. Moreover, finding similar countries from a search perspective, enables a better design of the hierarchical organization of such a distributed architecture.
We analyzed data extracted from a sample query log from different points of view. The main objective is to describe how users behave, based on their location and the clicked URL, and test a set of hypotheses using the data obtained. This analysis represents from where a user need comes and where it is resolved, so in particular, implies traffic of information and transactions. So the geographical life of search is related to the geographical life of information, which is part of the social life of information [2] . In fact, this implicit social network is related to the Internet social network at large.
Our study addresses the goals above from the perspective of a particular search engine, Yahoo!. Hence, the results concerning the first goal are biased to the coverage and traffic of such search engine. Nevertheless, these results are valid for our second goal of understanding the social network behind search. On the other hand, the results on the second goal are an important piece of what a given search engine needs to migrate from a centralized replicated architecture to a truly distributed one.
In this study, among other findings, we observe that:
• The .com domain attracts a large share of traffic from several countries. • Some generic top-level domains (gTLDs) are mostly used in the US, while others are used internationally.
• Vanity TLDs, which are country-code top-level domains (ccTLDs) used as if they were gTLDs, can be characterized by the traffic they receive and generate.
• Different countries have different rates of local search traffic, in which the searcher and the clicked page are in the same country.
• Countries in a similar geographic latitude or with a similar human development index tend to have similar traffic destinations. Our findings mostly confirm what we expected to find. That is not strange, as today the Web is a mirror of society. Hence, our results are a confirmation of the geographical and cultural mirror, while in [3] we had an indication of the economical mirror.
The next section describes recent related work on this topic. Section 3 introduces the experimental framework we use. Section 4 presents our results for Generic Top-Level Domains (gTLDs) and Section 5 our main findings for Country-Code Top-Level Domains (ccTLDs). Section 6 analyzes the internal search traffic at the country and continent level and Section 7 the traffic that crosses country and continent level. Finally, the last section presents some concluding remarks.
Related Work
Understanding the underlying relation between Web structure and geographical features is an interesting research problem that has been studied recently. With some exceptions, most of the previous research on geographical aspects of the Web focuses on the contents and link of pages. Instead we look for insights on the interest of the Web users rather than on the structural linkage between the Web contents. Usage analysis. Several works have studied the relationship between the query terms and the geographic location of users. Jansen and Spink [4] made an extensive study on the characteristics of Web usage of users in United States and Europe. They observed different behaviors between the US users and the European users, particularly in the way of structuring the query terms.
A study based on the most frequent geographic query terms used in Web search engines is presented by Sanderson and Han [5] . They observed that geography related terms are among the most frequently repeated words.
Gan et al. [6] investigated queries that use geographical terms to obtain location-specific results. Their results showed that geographical queries (geoqueries) tend to have more terms and geographical granularity (country, state, city) is closely related to the terms used. They also analyzed how different types of geoqueries were related to certain top-level domains.
Another approach has been used to try to determine the location of the users based on the query terms submitted to a search engine. Backstrom et al. [7] defined a probabilistic model that permits to infer the geographical center of a given search query based on a Web query log. This permits to understand the scope of a given query and study its geographical variation along time. Their study is fine-grained in terms that it points to specific geographical locations, while we aggregate the search traffic on the country and continent level.
Previous work was also done by Wang et al. [8] to determine the "dominant location" of a given query. Based on the search results and query logs, they are able to associate a geographical position to location-specific queries. Hyperlink analysis. To understand the main features of Web structure at a hyperlink level, several studies have been done over different samples of the Web. The analysis done by Broder et al. [9] of a Web crawl permitted to identify the macro elements of the Web structure, as well as characterizing the in-and out-degree distribution of the Web pages. BaezaYates et al. [10] made a characterization of national domains by comparing 12 Web studies, covering 24 countries. They observed that the distribution of link-based metrics and degrees was consistent among the different countries. Also, they compared the results with cultural, linguistic, and economical indicators.
Bharat et al. [11] present a study of the structural linkage between Web hosts, based on three datasets from 1999, 2000, and 2001. They observed that there is a high geographical correlation between the link structure of hosts, followed by linguistic factors. Another important observation is that all host have the majority of links to other hosts within the same domain.
Based on the hostgraph of different countries, Baeza-Yates and Castillo [3] studied the relationship between commercial activities among countries and the link structure between hosts. They were able to observe a correlation between imports and exports of the given countries and the number of links between the hosts of each country-code TLDs. Content Analysis. Another approach is using the contents of the Web pages to determine the geographical structure of the Web. Silva et al. [12] combine the geographical information extracted from the Web pages, during the crawling phase, with a graph-like structure to find locations. They found a correlation between the geographical location of a Web page and the pages being linked by it.
Experimental Framework
In this work, host refers to the unique name assigned to a server connected to the Internet, according to the structure of the Domain Name System (DNS) [13] . This structure was designed as a hierarchy of names where the upper level consists of a set of Top-level Domains (TLD). The top-level domains can be separated into two main groups: Country-code top-level domains (ccTLD), and Generic top-level domains (gTLD). The ccTLDs are a set of two letter country codes associated to each country according to ISO 3166-1 [14] , while the gTLDs are a set of general-purpose domains such as .edu, .com, .net, .org, etc.
In this paper the statistical median of a variable x is represented byx, its standard deviation by σ, and H(x) represents the entropy of variable x.
Traffic Graphs
To represent the traffic among countries and domains we use two types of graphs. Domain traffic graphs are bi-partite graphs indicating the fraction of all clicks from searchers located in a country to URLs located in domains. Country similarity graphs are undirected graphs reflecting the similarity between two countries in terms of their traffic destinations. Country-domain traffic graphs. To represent the traffic observed by the search engine, we use a country-domain graph such as the one depicted in Figure 1 . This graph G = (V, E) has a set of nodes V = C∪C ′ ∪D where C is a set of countries, C ′ the corresponding set of ccTLDs for those countries, and D a set of gTLDs. There is a bijection c : C → C ′ from each country to its corresponding ccTLD. The graph is bipartite and the set of edges is E ⊆ C × (C ′ ∪ D). A matrix W |V |×|V | represents the number of clicks in the country-domain graph, where w ij is the number of clicks by users in the country i ∈ C on documents in the domain j ∈ C ′ ∪ D. This traffic is incoming for the domain j, and outgoing for the country i. All the countries generating the traffic received by a domain j are called the traffic sources of j, all the domains that receive traffic from a country i are the traffic destinations of i. Furthermore, we name intra-country to all the traffic from country i to its corresponding domain c(i), and inter-country to the traffic from a country i to a domain c(j) ∀j = i. By aggregating the countries in C into their corresponding continents, we can define a continent-domain graph that shows the traffic between continents and domains. The definitions used for the country-domain graph can be extended trivially to this graph. Country similarity graphs Based on the traffic information, it is possible to define a similarity function between two countries (or continents) using the common domains clicked by the users, and create a country-similarity graph.
We can define a country-similarity function between the countries, based on the traffic information found in the matrix W. For each country i, we normalize their outgoing traffic (w i ), such that k w i,k = 1. Finally, we define the countrysimilarity of two countries i and j as the cosine of their normalized outgoing traffic w i and w j .
This definition can be extended to create the continentsimilarity graph, where each node corresponds to a continent, and the similarity is based on the aggregated traffic of the countries belonging to the continent.
Query Log Processing
Our base data is a large uniform sample of the Yahoo! search engine in early 2008. This is a log of all the actions of a set of users in the search engine during a certain period of time; essentially, the queries users submit and the clicks on URLs in the result sets. Our sample contains the query, user location (at country level), timestamp, and clicked URL of the request submitted by the user, among other attributes. Since we were interested in analyzing the domains clicked by the user, we filtered the URLs that were identified only by an IP address and had no corresponding domain name associated to them. The main reason for this filtering was because we are also looking for the relationship between the ccTLD of a URL and the location of the hosting server, hence the IP alone is insufficient information for our study.
As a result, we obtained a set of 840M clicked queries. Additionally, each clicked URL was parsed to extract the corresponding top-level-domain. To filter out noise from our observations, we eliminated the inter-country traffic that was below a certain threshold and corresponded to very few clicks. This threshold was obtained by analyzing the cumulative traffic from each country to other countries and discarding the last 0.01% of it.
Geolocating Hosts
From the 840M clicked URLs obtained from the query logs, we extracted a list of the most frequent unique hosts, and made a DNS-lookup on each of them to obtain the IP address of the server hosting the site. After discarding the hosts that could not be DNS-resolved, we obtained 759,153 unique hosts, where 593,433 hosts belonged to a gTLD and 165,720 hosts belonged to a ccTLD.
Next, using the IPligence [15] database, each IP address was mapped to the country were its server is located.
Country Information
We analyzed possible relations between the traffic among countries and their corresponding demographic information. For doing this, we extracted 24 features for each country from The CIA World Factbook and the UN Human Development Report 2007/2008. They correspond to statistical data such as population, area, life expectancy, etc; sources and a complete list of them is presented after the references. These attributes are used to calculate the correlation between them and the traffic similarity of countries.
For the mapping from countries to ccTLDs we followed ISO 3166-1 plus a few exceptions as sometimes the country and the domain does not match in an strict sense, but in practice they do match in their usage. One example is Great Britain where most people use the .uk domain and not the .gb domain.
To associate each country to a continent, we used the commonly adopted definition of 7 continents: Antarctica (AC), Africa (AF), Asia (AS), Europe (EU), North America (NA), Oceania (OC), and South America (SA) 1 . Notice that as the country domain of the main country in the Internet (US) is not used (.us), the US does not appear in many of the results. We plan to extend this study using the geolocation of the URL to include the US. Also we can precise better the origin of the search using the geolocation of the searcher, although the person can be a tourist and hence this assumption breaks down. So, for now we are assuming that the starting point of the search is a good proxy for the location of the searcher. In the tables that come later, we will refer to the continents using their abbreviation.
Generic TLDs
In this section we study the traffic and location of Generic TLDs (gTLD). This analysis can help to understand how people actually use these domains.
Traffic to the .com Domain
The .com domain stands out in our dataset as the most used domain for hosts and the one that receives the larger share of traffic, hence making it interesting to analyze separately.
Analyzing the traffic sources of .com we observed that there are 175 countries (of a total of 232) that have clicks to the .com domain.
We observe that most countries have at least 2/3 of their traffic to .com and even the countries where searchers click less on a .com domain, have more than 45% of their traffic to this domain.
Also, we can observe that, although most of the countries have the majority of their traffic to the .com domain, only a few of them are a relevant traffic source for this domain. We can observe that the .com domain is mainly influenced by countries in North America, Middle East, South East Asia, and part of Europe. Only 12 countries contribute individually more than 0.5% of the total incoming traffic to .com: United States, Philippines, Malaysia, India, Spain, Canada, Great Britain, Indonesia, United Arab Emirates, Egypt, Romania, and Iran. Many of the countries in this list have a significant percentage of .com hosts in their own country, such as Canada, Spain or the UK. Figure 2 (a) (graph created using JUNG 2 ) presents the traffic to gTLDs from their largest traffic source. We filtered the graph to include only countries that individually contributed at least 1% of the total incoming traffic to the gTLD. We can observe that the traffic to the largest gTLDs (i.e., .com, .edu, .net, .org, and .biz) is generated from United States, Malaysia, Philippines, Romania, India, Spain, and Egypt. Some gTLDs receive almost all their visits only from very few domains: .coop, .name, and .aero are only reached by searchers from United States; .biz and .info from Asian countries and Romania. A different distribution is observed in the .mil domain that is reached by searchers from the United States, Japan, South Korea, Irak, and Germany. This can be due to the location of US military bases in Asia and Europe.
Traffic to other gTLDs
We compared the traffic from each continent to the gTLDs, also considering only the traffic that represented at least 1% of the traffic destinations for each continent. This is represented in Figure 2(b) . We can observe that for all the continents a large share of their clicks goes to the .com, .edu, .org, .gov, and .net domains. The .aero and .coop domains are mostly interesting to searchers from North America only.
Which Countries Host gTLDs?
Most of the hosts in the gTLDs are hosted in the United States. We analyzed the distribution of the countries in which the hosts corresponding to each gTLD are located. We show the entropy (H(x)) of this distribution in Table 1 . Figure 3 shows the cumulative distribution of countries hosting each of the gTLDs. A possible explanation for this is that the first group of domains were designed to host governmental, educational, and military sites, and the registration entities have established restrictions on the sites that can apply for one of these domains (with few legacy exceptions). Since these domains generally need to be associated to their corresponding country, this division has been commonly moved to a secondary domain on a ccTLD (e.g., .gov.uk, .gc.ca, gob.cl). The rest of the gTLDs were designed to host sites that do not need to be associated necessarily to a particular country but to a broader area of use, hence the distribution into countries is less concentrated.
Location of Servers and Country TLDs
This section focuses on the analysis of the relationship between the geographical location (in the following geolocation or location) of the server hosting a domain and the countrycode top-level domain (ccTLD) used to identify the server.
How can We Characterize "Vanity" TLDs?
According to [13] , the main purpose of a ccTLD is to group together the domains of a country, while gTLDs should be used to group together domains based on a general category of organizations. However, some ccTLD are used as gTLDs due to commercial or phonetic characteristics of their code. For instance, the .tv (Tuvalu), .fm (Federated States of Micronesia), or .am (Armenia) domains are used by companies related to television and radio. These type of country-code TLDs are referred as a Vanity ccTLD.
Vanity ccTLD are clearly outliers with respect to several statistical properties. First, they easily stand out when looking at the relation between outgoing and incoming traffic. Vanity score. We define the vanity score: vanity(j) of a country-code domain j as:
recovers the country of the domain ccTLD j. We can observe that if vanity(j) is high, it may indicate that the domain is being used as a vanity ccTLD, since the outgoing traffic is insignificant compared to its incoming traffic. We observed a clear separation at vanity ≥ 0.9, which might indicate a behavioral difference of the domains. As shown in Table 2 , these domains can have alternative uses due to its similarity to an abbreviation (.tv, .fm, .ws, etc.), its phonetics (.nu, .to, etc.), they offer free hosting in exchange of displaying advertisement on the hosted sites (e.g. .tk), or the domain belongs to a country with low population, hence having many names available (e.g. .ms).
For each country, we analyzed the probability that a ccTLD site is hosted in the same country as the one described by its ccTLD. We observed that the probability was non-uniform and tends to be close to one (median of 0.66), while there exists a group of ccTLD where very few of their hosted sites are located in their corresponding country. This may indicate that they are being used as vanity ccTLDs. Table 2 (b) presents a list of the domains where less than 20% of the clicked sites are located in their corresponding country, in some cases because of vanity domains with an easy to identify abbreviation (e.g. .am, .ws, or .fm), and in other cases because of a lesser development of the Web in the country.
The Internal Search Traffic of a Country
In this section we analyze the internal search traffic: visits to pages in which both the searcher and the clicked page are in the same country.
We divide this analysis into two parts: first we analyze the visitors from a country and their search traffic destinations, and then the hosts of a country and their search traffic sources.
Ratio of Traffic to Internal Destinations
We define the ratio of internal destinations (r i ) of a country as the probability that a user, after submitting a query, clicks on a site of its corresponding ccTLD, given that he/she has clicked on a ccTLD. The internal-destinations ratio of a country i is defined as: There are few countries where more than 1/2 of their traffic (to a ccTLD) is directed to their corresponding country. They are shown in Table 3 . Apart from countries belonging to the British Commonwealth (Great Britain, Australia, Canada, and New Zealand), the others have a high internal-destinations ratio possibly because of linguistic considerations. (b) Domains with high internal-sources ratio.
We can also observe from this list that the geographical distribution of the countries with high internal-destinations ratio is not equally distributed. For this reason, we separated the analysis into continents, this is shown in Table 4 . Three groups can be identified: countries in Oceania (basically Australia) have a high internal-destinations ratio (x ≈ 65%); Europe, South America, and Asia have a medium ratio (x ≈ 40%); Africa and North America have a low ratio (x ≈ 25%).
Ratio of Traffic from Internal Sources
Another important characteristic is the converse of intracountry clicks, from the point of view of sites: ratio of internal-sources of a country. This is defined as the probability that a visitor to a host in a ccTLD is located in the same ccTLD as the host.
A high ratio of internal-sources may indicate that the contents of the Web pages of that domain are of interest, mainly, to their nationals. The internal-sources ratio (q j ) of a domain j is defined as q j = w c −1 (j),j / k∈C w k,j . Figure 4(b) shows an histogram of the internal-sources ratio of the domains in the query log and Table 3 presents a list of the countries with the highest ratio (greater than 0.7). We can observe that .my (Malaysia), .ro (Romania), and .us (United States) domains are visited almost exclusively (90%) by people in their corresponding countries. Also, most of the countries that have hosts that depend heavily on the traffic (b) Internal-destinations ratio, sorted by continents.
from their nationals are located in Asia, most probably due to particular languages. By separating the analysis into continents, as shown in Table 4 , we can identify three groups. Hosts in Asia, Africa, and North America have a high ratio of internal-sources (medianx ≈ 50%); Europe and South America have medium ratio (x ≈ 30%); and Oceania (Australia) has low ratio (x ≈ 15%). As observed in Table 3 , Asia concentrates the largest number of domains whose main traffic originates from their corresponding country (languague issues again).
In general, there seems to be little correlation between the internal-destinations ratio for visitors of a country, and the internal-sources ratio for hosts in that country. In fact, the fraction of outgoing traffic that stays in the country, and the fraction of incoming traffic to sites that originates in the same country, seem to be mostly independent.
Traffic among Continents and Countries
This section analyzes the traffic among different countries. This can help to understand which countries have major influence on other countries, as well as understanding which countries share common interests.
The Traffic Among Countries
We first studied country-level domains with a large share of traffic from another country. Figure 5 presents those countries, among which the two most important ones are the .uk (United Kingdom) and .ru (Russian Federation). This can be explained mainly by historic and linguistic relationships between those countries and the countries that contribute to their traffic.
For this analysis, we only considered the domains that represented at least 4% of the external outgoing traffic of each country and for visualization purposes, we omitted 60 countries that only had intra-country links.
We also studied the entropy of the sources and destinations of the traffic for all countries. A country with high destinations-entropy indicates that people from a given country are interested in the contents of pages from multiple domains. A country with high sources-entropy indicates that the contents of the sites hosted in the corresponding domain are of interest to people in multiple countries. We considered only ccTLDs in this analysis. Table 5 shows the countries with highest sourcesand destinations-entropy, respectively. We can observe that Asian and European countries have the most diversified traffic. Figure 6 (a) presents a scatter plot of the relation between the destinations-and sources-entropy. There is a weak correlation between these variables (ρ = 0.241). We studied the correlation with the ratio of internal-destinations and internal-sources. There exists an inverse correlation (ρ = −0.772) between the incoming traffic entropy and the internal-referrals ratio, as shown in Figure 6(b) . Naturally, whenever a country-code domain has a narrow set of traffic sources, the country itself is one of the most important among those sources.
The Traffic among Continents
By aggregating the countries into their continents, it is possible to find relations at a broader level. Figure 7 shows the most visited ccTLDs from each continent. We considered only the traffic that represented at least 1% of the traffic destinations for each continent. Interestingly, the resulting figure is a tree, even when it was drawn without further pruning. We can observe that the .uk (United Kingdom) domain is frequently visited from Europe, Oceania, and Africa. South America has its traffic sources more diversified into several domains, while the rest of the continents have their sources concentrated in few domains. Another important observation is how Spanish sites (.es) have a greater influence in South America, where most of its former colonies are, than in Europe.
Traffic Similarity
Another type of usage analysis can be done by finding the similarity between two geographical regions based on their traffic destinations. This analysis can be made at different granularity levels (country, continent) to identify possible groups of regions that show similar traffic patterns. Country similarity. Figure 8 presents a force-directed graph of the most similar countries, based on the similarity of their traffic destinations. First, we defined a vectorial space where each axis corresponds to a ccTLD, and a country can be represented in this space, based on their relative traffic to the ccTLDs. Next, we computed similarities between the countries as we explained in 3.1. The graph was filtered out to only show the edges where the similarity is larger than 0.95. We can identify 6 different clusters of countries, where half of them have 4 or more countries. These clusters can There are many possible features (characteristics) that can help explain the similarity between countries. Our analysis is based on the demographic features presented in Section 3.4. To determine which of these features could describe better the relation between countries, we used Laplacian Eigenmaps over the country-similarity graph G.
The feature that better describes the graph is the one that minimizes the difference between values along edges in the country-similarity graph. For each feature, we define a vector x, where x i represents the corresponding feature of the country c i ∈ G. As defined previously, w ij represents the similarity between the countries c i and c j , so the idea is to find the feature x that minimizes:
The latter can be calculated over the graph structure using matrix operations. We calculate the Laplacian of the graph, L = D − A, where A is the similarity matrix, and D is the diagonal matrix diag(A × 1 n×1 ), i.e. D ii = j wij. Then, LE(x) can be determined by LE(x) = x T Lx . In our analysis, each vector was standardized to a normal distribution withx = 0 and σ = 1.
When sorting the list of features by the value of their Laplacian, we have that the top features are (1) oil consumption, (2) latitude of the center of the country, (3) HDI, (4) number of mobile telephones, and (5) total area. This analysis shows that the features that better explains the graph are the ones that represent the current quality of life of the people (HDI), country's wealth (oil consumption and number of mobile phones), as well as some geographical features intrinsic to the country (latitude and area). Continent similarity. Analogous to the similarity between countries, we calculated the similarity among continents, shown in the World map in Figure 9 . We can observe a tightly related group of continents (Europe, North America, Africa, and Asia), meaning the users located in these continents visit similar domains, while Oceania and South America are farther apart from this cluster of continents.
Geographic Dynamics
To further understand how user behavior changes along time, we made a similar analysis using a sample query log of Yahoo! from the year 2005.
We observed that traffic to gTLDs was similar in both periods of time, as well as the location of the servers hosting these sites. When comparing the traffic among countries, we observed that in 2005 the countries with more diversified sources (largest source entropy) were located in Europe, while in 2008, Asian countries have a more diversified set of sources.
From the demographic analysis, we observed that in 2005, the features that better describe traffic similarity were latitude, HDI, unemployment rate, migration rate, and area of the country. This confirms our observations that countries in a similar latitude, or with similar human development have similar traffic.
Conclusions
In the present work, we analyzed the data from a large query log to describe the way the user behaves based on their location and the URL clicked. This study allowed us to identify a series of relevant findings.
By analyzing the characteristics of gTLDs, we observed that the .com domain has the largest share of traffic from several countries. Also, it is possible to observe that most of the hosts in gTLDs are located in the United States, with few exceptions, which are distributed among multiple countries.
There exists an inverse correlation between the incoming traffic entropy and internal referral ratio. This seems natural since when a ccTLD has a narrow set of incoming countries, the country itself is the most important source.
We observed that traffic among countries is concentrated in a few domains (e.g. .uk and .ru), which can be explained by linguistic and cultural factors. By aggregating the traffic to a continent level, we observed that .uk is the most common domain among continents. Users located in North America, Europe, Asia, and Africa visit a similar set of domains, while South America and Oceania have different behavior.
Our results show that language can be more important than geography when analyzing search similarity. In addition, what is considered as external to a country is not too dependent to the continent where the country is located, and depends more on factors such as language.
From the demographic analysis of the Web usage, it is possible to observe that countries in a similar geographic latitude, or with a similar human development index, tend to have similar traffic destinations.
On 2008, ICANN announced that they will liberalize the gTLDs over the next couple of years, so methods and studies about how gTLDs are used will become more important over the years. Also as future work we would like to repeat the experiments on samples in different years to look for trends over time.
